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(54) PROCESS FOR PRODUCING PROPYLENE OXIDE 



(57) A process for producing propylene oxide, which 
comprises steps described below, wherein the concen- 
tration of isopropylbenzene hydroperoxide in a solution 
containing cumyl alcohol is 5 % by weight or less when 
the epoxidation step is completed: 

oxidation step; a step in which isopropylbenzene is 
oxidized to obtain isopropylbenzene hydroperox- 
ide, 

epoxidation step; a step in which isopropylbenzene 
hydroperoxide obtained in the oxidation step is re- 



acted with propylene to obtain propylene oxide and 
cumyl alcohol, and 

hydrogenolysis step; a step in which cumyl alcohol 
obtained in the epoxidation step is subjected to hy- 
drogenolysis to obtain isopropylbenzene, and said 
isopropylbenzene is recycled to the oxidation step 
as a raw material for the oxidation step. 
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Description 

TECHNICAL FIELD 

5 [0001] The present invention relates to a process for producing propylene oxide. More particularly, the invention 
relates to a process for producing propylene oxide, wherein said process for producing propylene oxide has excellent 
characteristics that propylene is converted to propylene oxide using isopropylbenzene hydroperoxide obtained from 
isopropylbenzene, as an oxygen carrier, that said isopropylbenzene can be repeatedly used, and that formation of by- 
products after an epoxidation step can be reduced to a small amount thereby to suppress a loss of isopropylbenzene 

10 to small. 

BACKGROUND ART 

[0002] A process in which propylene is oxidized using ethylbenzene hydroperoxide as an oxygen carrier to give 
15 propylene oxide and styrene is known as Halcon process. Since, in this process, styrene is inevitably produced together 
with propylene oxide, it is unsatisfactory from the viewpoint that only propylene oxide is to be selectively produced. 
[0003] On the other hand, a concept of a process in which propylene is converted to propylene oxide using isopro- 
pylbenzene hydroperoxide obtained from isopropylbenzene, as an oxygen carrier, and said isopropylbenzene is re- 
peatedly used, is described in Czechoslovak Patent No. CS 140,743. The process described in said patent does not 
20 contain precise descriptions concerning necessary steps except oxidation step, epoxidation step and hydrogenolysis 
step. Various problems arise in practical recycling of isopropylbenzene and therefore the patent cannot be said as 
sufficient for industrial realization. 

DISCLOSURE OF THE INVENTION 

25 

[0004] Under such circumstances, an object of the present invention is to provide a process for producing propylene 
oxide, wherein said process for producing propylene oxide has excellent characteristics that propylene is converted 
to propylene oxide using isopropylbenzene hydroperoxide obtained from isopropylbenzene, as an oxygen carrier, that 
said isopropylbenzene can be repeatedly used, and that formation of by-products after an epoxidation steps can be 
30 reduced to a small amount thereby to suppress a loss of isopropyl benzene to small. 

[0005] Namely, the invention relates to a process for producing propylene oxide, which comprises steps described 
below, wherein the concentration of isopropylbenzene hydroperoxide in a solution containing cumyl alcohol at com- 
pletion of the epoxidation step is 5 % by weight or less: 

35 oxidation step; a step in which isopropylbenzene is oxidized lo obtain isopropylbenzene hydroperoxide, 

epoxidation step; a step in which isopropylbenzene hydroperoxide obtained in the oxidation step is reacted with 
propylene to obtain propylene oxide and cumyl alcohol, and 

hydrogenolysis step; a step in which cumyl alcohol obtained in the epoxidation step is subjected to hydrogenolysis 
to obtain isopropylbenzene, and said isopropylbenzene is recycled to the oxidation step as a raw material for the 
40 oxidation step. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0006] The oxidation step in the present invention is a step in which isopropylbenzene is oxidized to obtain isopro- 
45 pylbenzene hydroperoxide. The oxidation of isopropylbenzene is usually effected by autoxidation with oxygen-contain- 
ing gas such as the air, an oxygen-enriched air or the like. The oxidation reaction may be carried out without any 
additive or with an additive such as an alkali. The reaction temperature is usually 50 to 200°C, and the reaction pressure 
is usually between the atmospheric pressure and 5 MPa. In the oxidation with an additive, the alkali includes alkali 
metal compounds such as NaOH, KOH and aqueous solutions thereof; and alkaline earth metal compounds, alkali 
50 metal carbonates such as Na 2 C0 3 , NaHCO a , ammonia, (NH 4 ) 2 C0 3 , alkali metal ammonium carbonates and the like 
and aqueous solutions thereof. 

[0007] The epoxidation step in the present invention is a step in which isopropylbenzene hydroperoxide obtained in 
the oxidation step is reacted with propylene to obtain propylene oxide and cumyl alcohol. From a viewpoint that the 
desired product should be obtained in a high yield and under a high selectivity, the epoxidation step is preferably 
55 conducted in the presence of a catalyst containing a titanium-containing silicon oxide. The catalyst is preferably a 
catalyst containing titanium chemically bound to silicon oxide, so-called titanium-silica catalyst. Examples may include 
products carrying a titanium compound on a silica carrier, products in which a titanium compound is compounded with 
a silicon oxide by a co-precipitation or sol-gel method, titanium-containing zeolite compounds and the like. 



2 



EP 1 266 891 A1 



[0008] In the present invention, isopropylbenzene hydroperoxide used as the raw material for the epoxidation step 
may be a dilute or thick purification or non-purification product. 

[0009] The epoxidation reaction is usually carried out by contacting propylene and isopropylbenzene hydroperoxide 
with a catalyst. The reaction may be conducted in a liquid phase using a solvent. The solvent must be a liquid under 
the reaction temperature and pressure, and substantially inert to the reactants and the product. The solvent may be 
composed of a substance existing in a solution of the hydroperoxide used. When, for example, isopropylbenzene 
hydroperoxide is a mixture with isopropylbenzene as the raw material, it is also possible to use said material, without 
adding a solvent in particular, as the solvent. Other useful solvents include aromatic single-ring compounds (for ex- 
ample, benzene, toluene, chlorobenzene and o-dichlorobenzene), alkane (for example, octane, decane and dodecane) 
and the like. The epoxidation temperature is generally 0 to 200°C and preferably 25 to 200°C. The pressure may be 
any pressure sufficient to keep liquid state of the reaction mixture. Generally, the pressure is advantageously 100 to 
10,000 kPa. 

[001 0] The epoxidation can advantageously be carried out with a catalyst in the form of a slurry or a fixed-bed. The 
fixed-bed is preferred in the case of a large-scale industrial operation. In addition, the reaction can be carried out by 
a batch process, a semi-continuous process, a continuous process or the like. When a liquid containing the raw ma- 
terials for reaction is passed through a fixed-bed, the catalyst is not contained at all or substantially in a liquid mixture 
discharged from a reaction zone. 

[0011] The hydrogenolysis step in the present invention is a step in which cumyl alcohol obtained in the epoxidation 
step is subjected to hydrogenolysis to obtain isopropylbenzene, and said isopropylbenzene is recycled to the oxidation 
step as the raw material for the oxidation step. In other words, the same product, i.e. isopropylbenzene, used in the 
oxidation step is recovered. The hydrogenolysis is usually carried out by contacting cumyl alcohol and hydrogen with 
a catalyst. As a catalyst, any catalyst having a hydrogenation ability can be used. Examples of the catalyst include 
metal catalysts of metals of the group 8th to 10th such as those of cobalt, nickel, palladium and the like and metal 
catalysts of metals of the group 11th or 12th metals such as those of copper, zinc and the like. Copper catalysts are 
preferred from the viewpoint that by-products are suppressed. The copper catalysts include copper, Raney copper, 
copper-chromium, copper-zinc, copper-chromium-zinc, copper-silica, copper-alumina and the like. The reaction can 
be conducted in a liquid phase using a solvent or in a gaseous phase. The solvent must be substantially inert to the 
reactants and the product. The solvent may contain a substance existing in a solution of the cumyl alcohol used. When, 
for example, cumyl alcohol is a mixture with isopropylbenzene as the product, It is unnecessary to add a solvent in 
particularly and said product may act as a solvent. Other useful solvents include alkane (for example, octane, decane 
and dodecane), aromatic single-ring compounds (for example, benzene, ethylbenzene and toluene), and others. The 
temperature for the hydrogenolysis reaction is generally 0 to 500°C and preferably 30 to 400°C. Generally, the pressure 
is advantageously 100 to 10,000 kPa. The hydrogenolysis can advantageously be carried out with a catalyst in the 
form of a slurry or a fixed-bed. The process of the present invention can be carried out by a batch process, a semi- 
continuous process or a continuous process. When a solution or a gas containing the raw materials for reaction is 
passed through a fixed-bed, the catalyst is not contained at all or substantially in a liquid mixture discharged from the 
reaction zone. 

[0012] In the present invention, it is essential that the concentration of isopropylbenzene hydroperoxide in a solution 
containing cumyl alcohol is 5% by weight or less, preferably 3% by weight or less when the epoxidation step is com- 
pleted. Herein, the solution containing cumyl alcohol indicates a solution composed of components which are liquid 
under the ordinary temperature and the ordinary pressure, and is a solution mainly composed of isopropylbenzene 
and cumyl alcohol, and unreacted propylene is not contained. 

[0013] Isopropylbenzene hydroperoxide remained after the epoxidation is decomposed in the hydrogenolysis step 
and converted to acetophenone causing a loss of isopropylbenzene. 

[0014] Further, a cumene dimer forms also causing a loss of isopropylbenzene and this component causes to a 
blockage trouble in the system. When a recovery step of unreacted propylene and propylene oxide is set up after the 
epoxidation step, a loss of isopropylbenzene is also caused in this step. 

[001 5] From these view points, it is necessary to control the concentration of isopropylbenzene hydroperoxide in the 
solution containing cumyl alcohol, when the epoxidation step is completed, within the range of the present invention. 
[0016] As a method of controlling the isopropylbenzene hydroperoxide concentration, any method of a method of 
converting to cumyl alcohol; a method of converting to another compound by a reaction after the epoxidation step; 
removing all or part of isopropylbenzene hydroperoxide to outside of the system of the steps in the present invention 
by distillation, extraction or the like; amethod of reducing the concentration by absorption or the like; and the like, may 
be used. 

[0017] Taking account of convenience of the process, it is preferable to convert most part of isopropylbenzene hy- 
droperoxide. 

[0018] Further, in the present invention, the concentration of an organic acid of the solution containing isopropylben- 
zene hydroperoxide to be supplied to the epoxidation step is preferably 0.5 % by weight or less, more preferably 0.1 



3 



-< iccon< a -i t ^ 



EP 1 266 891 A1 



% by weight or less. . . 

[0019] By specifying within this range, the activity of the catalyst used in the epoxidation step can be maintained at 
high 5 level and the life of the catalyst can be kept for longer time. 

[0020] Still further, in the present invention, it is preferable that isopropylbenzene hydroperoxide supplied to an epox- 
idation step has not undergone a heat history including heating at a temperature not lower than the temperature (t °C) 
represented by Ihe following equalion(1), 



t (°C) = 150 - 0.8 x W 



(D 
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50 
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W: content (% by weight) of isopropylbenzene hydroperoxide in a solution containing isopropylbenzene hydroper- 
oxide. . , 
[0021] By specifying within this range, the activity of the 5 catalyst used in the epoxidation step can be maintained 

at a high level and the life of the catalyst can be kept for longer time. 

[0022] Moreover, in the present invention, the concentration of sodium of the solution containing isopropylbenzene 
hydroperoxide to be supplied to the epoxidation step is preferably 0.1 % by weight or less. 

[0023] By specifying within this range, the activity of the catalyst used in the epoxidation step can be maintained at 
high level and the life of the catalyst can be kept for longer time. 

[0024] Moreover, in the present invention, the concentration of water of the solution containing isopropylbenzene 
hydroperoxide to be supplied to the epoxidation step is preferably 1 % by weight or less. 

[0025) By specifying within this range, the activity of the catalyst used in the epoxidation step can be maintained at 
a high level, the life of the catalyst can be kept for longer time, and further, the epoxidation yield can be maintained 
higher. 

Example 1 

[0026] A solution containing cumyl alcohol having a isopropylbenzene hydroperoxide concentration of 1 % by weight 
is continuously passed through a fixed bed flowing reactor in the presence of a copper-chromium catalyst at a rate of 
2 times by mol of hydrogen per 1 mol of cumyl alcohol contained in the solution. The conversion of cumyl alcohol is 
kept almost 1 00 % by controlling the inlet temperature. At this case, the reaction temperature is 1 80°C, and the com- 
position of the hydrogenolysis reaction liquid is as follows: 



Hydrogenolysis liquid composition 


Isopropylbenzene hydroperoxide 
Cumyl alcohol 
Isopropylbenzene 
Acetophenone 
Cumene dimer 


0 % by weight 
0 % by weight 
97.5 % by weight 
1.1% by weight 
0.3 % by weight 



Comparative Example 1 

[0027] When the hydrogenolysis is carried out in the same manner as in Example 1 except that the solution containing 
cumyl alcohol having a isopropylbenzene hydroperoxide concentration of 11 % by weight, the composition of the hy- 
drogenolysis reaction liquid is as follows: 



Isopropylbenzene hydroperoxide 


0 % by weight 


Cumyl alcohol 


0 % by weight 


Isopropylbenzene 


93.6 % by weight 


Acetophenone 


5.5 % by weight 


Cumene dimer 


0.9 % by weight 



[0028] Compared to Example 1 , acetophenone and cumene dimer clearly increase and a loss of isopropylbenzene 
becomes large. 
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INDUSTRIAL APPLICABILITY 

[0029] As described above, according to the present invention, there can be provided a process for producing pro- 
pylene oxide : wherein said process for producing propylene oxide has excellent characteristics that propylene is con- 
verted to propylene oxide using isopropylbenzene hydroperoxide obtained from isopropylbenzene, as an oxygen-car- 
rier, that said isopropylbenzene can be repeatedly used, and lhat formation of by-products after an epoxidation step 
can be reduced to a small amount thereby to suppress a loss of isopropylbenzene to small. 



Claims 

1. A process for producing propylene oxide, which comprises steps described below, wherein the concentration of 
isopropylbenzene hydroperoxide in a solution containing cumyl alcohol is 5 % by weight or less when the epoxi- 
dation step is completed: 

oxidation step; a step in which isopropylbenzene is oxidized to obtain isopropylbenzene hydroperoxide, 
epoxidation step; a step in which isopropylbenzene hydroperoxide obtained in the oxidation step is reacted 
with propylene to obtain propylene oxide and cumyl alcohol, and 

hydrogenolysis step; a step in which cumyl alcohol obtained in the epoxidation step is subjected to hydroge- 
nolysis to obtain isopropylbenzene, and said isopropylbenzene is recycled to the oxidation step as a raw 
material for the oxidation step. 

2. The process according to claim 1 , wherein the concentration of isopropylbenzene hydroperoxide is 3% by weight 
or less. 



EP 1 266 891 A1 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/JP01/02187 



A. CLASSIFICATION OF SUBJECT MATTER 

Int. CI 7 C07D301/19//C07D303/04, C07B61/00 



According to International Patent Classification (IPC) orto both national classiScation and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 
Int. CI 7 C07D3 01/ 00-19 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



US, 3350422, A (Halcon International, Inc.), 
31 October, 1967 (31.10.67), 

Column 7, lines 4 8 to 60; Column 9; example 2 
(Family: none) 

US, 5723 63 7, A (Sumitomo Chemical Company) , 
03 March, 1998 (03.03.98), 
Full text 

& JP, 9-157265, A & FR, 2742150, A 

JP, 50-70310, A (Mitsui Toatsu Chemicals Inc.), 
11 June, 1975 (11.06.75) , 
Full text 
(Family: none) 



1-2 



1-2 



1-2 



I""""] Further documents are listed in the continuation of Box C. Q See patent family annex. 



* Special categories of cited documents: 

"A" document defining the general state of the art which is not 

considered io be of particular relevance 
"E" earlier document but published on or after the international filing 

date 

"V document which may throw doubts on priority clairn(s) or which is 
cited to establish the publication date of another citation or other 
special reason (as specified) 

"O" document referring to an oral disclosure, use, exhibition or other 
means 

"P" document published prior to the international filing date but later 
th3n the priority date claimed 



"T" later document published after the international filing date or 
priority date and not in conflict with the application but cited to 
understand the principle or theory underlying the invention 

"X" document of particular relevance; the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive 
step when the document is taken alone 

"V document of particular relevance; the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such 
combination being obvious to a person skilled in the art 
document member of the same patent family 



Date of the actual completion of the international search 
16 May, 2001 (16.05.01) 



Date of mailing of the international search report 
29 May, 2001 (29.05.01) 



Name and mailing address of the ISA/ 

Japanese Patent Office 

Facsimile No. 



Authorized officer 



Telephone No. 



Form PCT/ISA/210 (second sheet) (July 1992) 



6 



